Sub synchronous resonance (SSR) poses a serious stability problem to the modern power system. In this paper, most popularly known FACTS devices (STATCOM, SSSC, UPFC) and a dynamic resistance bank are used to mitigate the occurrence of sub-synchronous phenomenon. Fuzzy logic controller with inputs as rotor speed deviation and its derivative are used as a control strategy in order to damp out the sub-synchronous oscillation more efficiently caused by the series compensation of transmission network and Eigen value technique is used to analysis the stability of the system. Simulation in MATLAB is carried out on the IEEE second benchmark to validate the effectiveness of the proposed schemes under the condition of three phase fault at infinite bus. Time domain simulation and Eigen values are used to observe the superior ability of UPFC when compared with other FACTS devices to damp sub-synchronous oscillation.
Introduction
Modern power systems are widely inter-connected while this inter-connection leads to the operational economy and reliability through mutual assistance. They also contribute to the stability of the system. One of the major challenges faced by the power engineers are process or events which are vulnerable to power system disturbances. One such event is the occurrence of Sub-synchronous resonance(SSR).
Sub-synchronous resonance is an electrical power system phenomenon in which the electrical network transfers energy to the turbine generator network. [1] The turbine-generator network in power system can be considered as a springmass system in which the masses (i.e. Generator, Low pressure turbine, High pressure turbine) are tandem on a single shaft (fig 1) . Under the normal operating conditions when the shaft is rotating at its synchronous frequency. These masses have their natural frequency of oscillation which can be calculated by the equation Where fn gives the natural frequency of oscillation in a spring mass system. As the turbine-generator network is considered as a spring mass system. Natural oscillation frequency is given by the equation above where 'k' represents the stiffness constant of the spring (shaft) and the H1 and H2 represents the inertia constant of masses (i.e.
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generator, LP turbine and HP turbine). Series capacitor is highly effective and economical means of improving power transfer [2] . It is mainly used to compensate the reactance in the long transmission lines.
However this could lead to the occurrence of Sub-Synchronous resonance which is one of the main factors which could hinder the stability of the system. The capacitor has its own resonant frequency which is calculated by the equation. 
Eigen Values
Stability of any power system can be proven by the calculation of the eigen values. [3, 4] . From the Eigen values we can determine the state for our system. The following dynamic equation are obtained which the system is solved empirically
where ' , ( +1) ' : represents the twist angle of the i ℎ mass to the (i+1) ℎ mass between
Generator and the HP masses. 'T ': represents the Electrical Torque of the i ℎ mass between Generator and the HP masses.
..
The above equation gives set of Torsional mode of the turbine-generator mechanical system in the state-space form. Where A is the state co-efficient matrix and u is the forcing torque vector.
Control Strategy
In recent years, Fuzzy Logic Damping controllers (FLDCs) have been appeared as an effective tool to stabilize the power network [5, 6] ]. The main advantage of fuzzy logic controller is that it doesn't require the exact mathematical model. They act with inaccurate inputs, control nonlinearity and are more robust and effective than the conventional damping controllers in the power system. [5] . Several works has been carried on damping the SSR with the help of PID controllers. [7] . In this paper Fuzzy
Logic Damping Controllers has been incorporated as a common damping strategy to compare the efficiency of the FACTS devices and damping resistance technique to damp the Sub-synchronous oscillation arising in the series compensation transmission network under the faulted circumstances. Time domain simulation is carried out on the IEEE second benchmark model [8] to validate the effectiveness of the proposed technique.
Design of Fuzzy Logic Damping Controller (FLDC) for FACTS Devices
FACTS technologies offer competitive solutions to today's power system in term of increased power flow transfer capability, enhancing continuous control over the voltage profile, improving system damping, minimizing losses [,9,10,11] . FACTS technology consists of high power electronics based equipments with its real time operation control.
STATCOM (Static compensator)
STATCOM has a fast and smooth control performance. [12, 13] It can be used to damp SSR, STATCOM's reactive power output should use the generator speed as a reference. For single generator suffered from SSR, when its shaft speed rises, the STAT-COM should be controlled to improve the bus voltage. Output of the generator will correspondingly change so as to in-cooperate the changes in the bus voltage which is modulated through the control of reactive power output of the STATCOM., thereby giving an induced additional electromagnetic torque on the generator shaft. Under certain control adjustments this additional induced electro-magnetic torque could be used to damp the torsional oscillation arising in the turbine-generator network. [12, 13] 
SSSC (Static series synchronous compensator)
Static Synchronous Series Compensator (SSSC) is one of the important series FACTS devices and with a suitable design can be used for improving the effectiveness in damping low frequency power oscillation in the power network [14] . 
UPFC (Unified power flow controller)
The 
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Design of Fuzzy Logic Damping Controller (FLDC) for Dynamic Resistance
A three phase resistance bank is placed in the turbine-Generator network to damp out sub synchronous oscillations.. Rotor speed deviation (Δ ) (fig 4(a) ) and its derivative (( Δ / ) (fig 4(b) ) is used as an input to the fuzzy controller input and the gate signal to the GTO thyristor is taken as the output (fig4(c) 9. If (Δ is P) and ( Δ / ) is P) then (Gate is S)
Results and Discussion
In order to prove the effectiveness of the applied control strategy and to compare the strength of various facts devices to damp the Sub-synchronous resonance oscillation simulation is carried out for which IEEE second benchmark model is used in Matlab/Simulink domain [6] . For the purpose of comparison the series compensation level is kept at 55% and the 3-phase line-line fault occurrence in the transmission network from 0.00169 to 0.0022 seconds in the simulation. 
Results with FACTS devices
STATCOM, SSSC and UPFC are introduced into the transmission network separately and the torsional oscillation of the shaft of the turbine-generator network is observed.
From Figure 7 From table no 5 it can be noticed that the UPFC is the most efficient in damping the torsional oscillation. Damping of the torsional mode achieved by UPFC alone is more than 6000% when compared to the system under fault disturbance. 
Discussion and conclusion
The proposed common strategy to compare the damping nature of FACTS device and dynamic resistance is highly efficient and reliable. The time domain analysis shows that UPFC (unified Power flow Controller) is the most efficient in damping the subsynchronous oscillation. Damping of the sub-synchronous mode is achieved through all the proposed techniques, Future works on dynamic resistance technique can be related by the use of inductors so that the energy can be absorbed and used in some other processes, thereby increasing the efficiency of the plant.
